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Introduction
The poly(arylene ether ketone)s represent a class of industrially important, semi-crystalline, high-performance thermoplastics (Chart 1). Since the commercial introduction of these materials in the 1970s, 1,2 their applications have expanded steadily as a result of an attractive combination of high mechanical strength and toughness, solvent resistance, thermo-oxidative stability and outstanding thermomechanical performance. These properties have led to wide-ranging applications, especially in automotive, biomedical and aerospace technologies. 3, 4 In particular, their use as thermoplastic matrices in structural carbon-fiber composites for aircraft production, both civil and military, is now growing significantly as a result of their high toughness relative to cross-linked, thermosetting matrices such as the epoxies and bis-maleimides. However, many of the properties of poly(arylene ether ketone)s which make them valuable in application can also cause problems in synthesis and processing. For example, their high levels of crystallinity and consequent insolubility in conventional solvents limit the methods by which they can be processed into composite materials. In addition, their high melt viscosities and the requirement for high processing temperatures (ca. 400 °C) makes both fiber-impregnation and composite-fabrication challenging. These difficulties are overcome to some extent in current thermoplastic composite technologies by very careful control of polymer molecular weight and by the use of novel impregnation methodologies. 6, 7 However, if it were possible to reversibly "protect" semi-crystalline poly(arylene ether ketone)s, turning them into more readily-processed amorphous materials that could subsequently be de-protected once fiber-impregnation had been achieved, then the application of poly(arylene ether ketone)s in composite applications might become much more straightforward. 8 The idea of reversible chemical modification of poly(arylene ether ketone)s without compromising their final properties has been explored in the past. with values for the poly(ether ketal-ketone) reported by Kelsey, 14 as were values for the carbons in the aromatic region. Further characterisation data for poly(ether ketal) 6 are given in Table 1 . The 1,3-dithiane derivative 2, should have a slightly higher molar mass than the derived 1,3-dioxolane polymer 6, provided that the exchange reaction occurred without chain degradation:
the GPC and inherent viscosity and light scattering measurements indeed confirmed this. A small proportion of a high molecular weight component was also revealed by light-scattering analysis (see SI) and this was observed consistently for polymers 1, 2 and 6, confirming that the polymer backbone remained intact during the exchange reaction. The PEEK-1,3-dioxolane derivative 6 was soluble in both chloroform and dichloromethane and also in THF, DMF and DMAc, but it only swelled in NMP and was insoluble in methanol. In general terms, the ketone content of the exchanged polymers increased with increasing reaction time beyond ca. 5 min. As the ketone content increased, solubility was retained up to a critical percentage (ca. 45% mole of ketonic groups), above which insoluble polymer rapidly crystallized from solution. It was established that with a 5 min reaction time, polyketals having 80-85% of ketal groups could be consistently 
Reactions of PEEK dithioketals with other diols and alcohols
Two parameters were found to be critical for a successful exchange reaction, namely the solubility of the diol in dichloromethane (preferred reaction solvent) and the hydrolytic stability It was found that PEEK-1,3-dioxane 7 hydrolyzed rapidly in air simply on redissolving it in CHCl 3 , and so it proved impracticable to obtain GPC or inherent viscosity data for this polymer.
The use of 2,2-diethyl-1,3-propanediol has been reported to afford small-molecule ketals that are significantly more resistant to hydrolytic cleavage than the corresponding 1,3-dioxolanes. 23 In the present work, reaction of PEEK-1,3-dithiane 2 with 2,2-diethyl-1,3-propanediol was found to
give a polyketal 9 containing only 65% of ketal groups, but the isolated polymer (unlike its unsubstituted counterpart 7) was indeed sufficiently air-stable to allow GPC and viscometry data to be obtained (see SI).
Exchange reactions of poly(ether dithioketal)s from other poly(arylene ether ketone)s
To investigate the general applicability of the NBS-promoted ketal exchange reaction, poly(ether dithioketals) derived from the semi-crystalline poly(ether ketone)s PEK, PEKEKK and PEKK (Charts 1 and 2) were next studied. The resulting poly(ether ketal)s (Chart 3) were generally obtained in high yield, and with similar levels of residual ketone groups (7-24%) to those seen in the corresponding PEEK-based systems (see SI), even though PEKEKK-1,3-dithiane merely swelled, rather than dissolved, in dichloromethane.
Deprotection of PEEK-1,3-dioxolane -homogeneous hydrolysis
In order for dithioketal/ketal interchange to be exploited in a possible solution-impregnation approach to composite materials, hydrolysis of the poly(ether ketals) must be rapid and quantitative and must proceed without any negative impact on the properties of the final matrix polyketone. Hydrolysis of PEEK-1,3-dioxolane 6, the most stable of the PEEK-based ketals obtained in this work, was therefore next investigated. Previous reports of heterogeneous hydrolysis of a PEK-1,3-dioxolane copolymer (50% ketone, 50% dioxolane), together with 13 cleavage under homogeneous conditions in concentrated sulfuric acid, were given by Kelsey et al. 10 In the present work, PEEK-1,3-dioxolane 6 was dissolved in dichloromethane or chloroform at room temperature and concentrated aqueous HCl (37%) or 100% trifluoroacetic acid ( 
Application of dithioketal/ketal exchange chemistry to PEEK composite processing
Having demonstrated complete reversibility of the reaction sequence from 1 or 2 to 6 and thence to PEEK, we next carried out a preliminary investigation of this chemistry as applied to solutionimpregnation of carbon fiber (CF) with the poly(ether ether ketal) 6 and subsequent in-situ hydrolysis of the matrix to PEEK. First, a carbon fiber bundle was immersed in a 5% solution of poly(ether ether ketal) 6 in chloroform, and was then drained and allowed to dry in air. Hydrolysis conditions for poly(ether ketal) 6
PEEK as formed Product (1) after re-protection with ethane-1,2-dithiol Analysis of the individual coated fibers by SEM showed a reasonably even coating and suggested very good adhesion of the polymer to the fiber (See SI). Next, a woven carbon fiber fabric was soaked in a 13.2 wt% chloroform solution of 6 (containing 85% ketal units by 1 H-NMR spectroscopic analysis) for 5 h and then allowed to dry at ambient temperature for 48 h, to
give a composite containing 44 vol% of polymer 6. Scanning electron microscopy again showed good surface-wetting and adhesion between the polymer and the fiber, and DSC indicated that the matrix polymer was chemically unchanged after impregnation.
Samples of the poly(ether ether ketal) 6 pre-preg were then consolidated by compression moulding at high temperature (370 °C) and pressure (30 bar) to give coupons of a laminate 0.3 mm in thickness, which were again characterized by DSC and IR microcopy (see SI, Figure S5 ). The synthesis of PEEK-1,3-dithiane 2 was carried out in an analogous manner (see SI).
General procedure for NBS-promoted poly(dithioketal/ketal) exchange reactions. Synthesis of PEEK-1,3-dioxolane 6. PEEK-1,3-dithiane (2, 0.095 g, 0.25 mmol) was dissolved in dichloromethane (15 mL), and 1,2-ethanediol (0.062 g, 1.00 mmol) was added followed by NBS (0.062 g, 0.35 mmol). A color change from pale yellow to purple was observed. After 5 min, the reaction mixture was poured into methanol (50 mL) giving a white precipitate. The latter was filtered off, extracted with methanol, filtered off again and dried at room temperature overnight.
Poly(ether ketal) 6 was obtained as a white powder (0.081 g, 98% yield). 
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